Numerous studies have documented robust sexual orientation---related differences in suicide attempts, 1---12 tobacco smoking, 13---28 HIV infection risk among men, 29 and problems in health care access. 30---35 However, whether these health differences actually translate into overall greater risk for early mortality among sexual minorities, including among men who have sex with men (MSM) and among women who have sex with women (WSW), is not clear. Persistent methodological barriers have posed a nearly insurmountable obstacle to investigating questions of sexual orientation---related differences in mortality risk. 36, 37 In the United States, for example, death certificates, a common data source utilized in mortality studies, do not record sexual orientation information. In addition, there are few population-based data sets in which both markers of sexual orientation and mortality-related information are available.
Numerous studies have documented robust sexual orientation---related differences in suicide attempts, 1---12 tobacco smoking, 13---28 HIV infection risk among men, 29 and problems in health care access. 30---35 However, whether these health differences actually translate into overall greater risk for early mortality among sexual minorities, including among men who have sex with men (MSM) and among women who have sex with women (WSW), is not clear. Persistent methodological barriers have posed a nearly insurmountable obstacle to investigating questions of sexual orientation---related differences in mortality risk. 36, 37 In the United States, for example, death certificates, a common data source utilized in mortality studies, do not record sexual orientation information. In addition, there are few population-based data sets in which both markers of sexual orientation and mortality-related information are available.
However, in recent years, evidence has begun to emerge that anticipated mortality differences might, in fact, exist though results to date are inconclusive. Two ecological studies, 38, 39 with their attendant methodological weaknesses, 40 linked higher rates of lung and colorectal cancer mortality among men to areas of relatively higher residential density of same-sex couples in the US Census. Three studies that we are aware of used newly available information from population registries in Denmark. 41--- 43 One 41 compared all-cause mortality rates of individuals in registered same-sex domestic partnerships (RDPs) to those of the Danish population as a whole, finding excess mortality risk for both men and women in RDP relationships. But these sexual orientation differences were most pronounced in individuals who were newly registered. With increasing duration of relationships, sexual orientation--related differences attenuated. Furthermore, information on cause of death was not available. The second 2 studies 42, 43 investigated differences in suicide mortality between individuals in current or former RDP relationships and heterosexually married or formerly married persons, with the Mathy et al. study 43 observing higher rates of suicide mortality among RDP men but not among RDP women. Because suicide mortality is a relatively rare event, 44 the small numbers of RDP individuals may have led to insufficient statistical power to detect sexual orientation differences among women.
In a fourth study, 45 from the United States, we used information available in multiple years of the National Health Interview Survey, and reported that women in same-sex relationships had elevated risk for breast cancer mortality compared with heterosexually married women. This is consistent with persistent concerns that sexual minority women may have elevated risk for breast cancer because of a unique combination of risk factors including lower rates of parity, higher tobacco and alcohol use, and problems in utilizing preventive health care. 45 However, an important limitation across all 4 studies that used relationship status to classify for sexual orientation was that comparisons were necessarily limited to partnered sexual minorities who represent but a minority of the sexual minority population. 46 Whether these differences or lack of differences are true for sexual minorities in general cannot be determined by these study designs.
More recently, 2006 mortality follow-up information obtained for men who were first interviewed in the 1988---1994 National Health and Nutrition Examination Survey III (NHANES III) provided clear evidence that MSM, including men not currently in same-sex relationships, experienced greatly elevated risk for mortality attributable to HIV infection Objectives. We investigated the possibility that men who have sex with men (MSM) and women who have sex with women (WSW) may be at higher risk for early mortality associated with suicide and other sexual orientation-associated health risks.
Methods. We used data from the 1988-2002 General Social Surveys, with respondents followed up for mortality status as of December 31, 2008. The surveys included 17 886 persons aged 18 years or older, who reported at least 1 lifetime sexual partner. Of these, 853 reported any same-sex partners; 17 033 reported only different-sex partners. Using gender-stratified analyses, we compared these 2 groups for all-cause mortality and HIV-, suicide-, and breast cancer-related mortality.
Results. The WSW evidenced greater risk for suicide mortality than presumptively heterosexual women, but there was no evidence of similar sexual orientation-associated risk among men. All-cause mortality did not appear to differ by sexual orientation among either women or men. HIV-related deaths were not elevated among MSM or breast cancer deaths among WSW.
Conclusions. The elevated suicide mortality risk observed among WSW partially confirms public health concerns that sexual minorities experience greater burden from suicide-related mortality. (Am J Public Health. 2015;105: 358-364. doi:10.2105/AJPH.2014.301974) during the 1990s, which appeared to wane somewhat following widespread introduction of highly active antiretroviral therapies (HAART) in 1996. 37 In that study, men were asked the gender of their lifetime sexual partners, which was used to classify the sample into MSM versus men who did not report any same-sex partners. Contrary to the robust evidence for excess HIV-related mortality among MSM, the study revealed no evidence of increased risk for suicide-related mortality linked to sexual orientation. But, like the earlier studies, the small number of MSM in the NHANES III sample (n = 85) may have greatly limited power to detect such differences. A further limitation in NHANES III was that markers of sexual orientation were not assessed in female respondents.
Thus, at present, although several studies have found hints that sexual orientation might be differentially linked to early mortality, reported findings have not been conclusive and mortality risks among sexual minority women, in particular, have been greatly unexamined. In the current study, we capitalized on information available in the 2008 General Social Survey (GSS)---National Death Index (NDI) data set 47 to investigate possible sexual orientation differences in mortality risk among both men and women who vary in their reports of the gender of their lifetime sexual partners. This novel data set combines information obtained from 14 years of data collection for the GSS surveys in which markers of sexual orientation (e.g., gender of lifetime and recent sexual partners) were assessed in a large sample of adults. Mortality data recently linked to these GSS participants provides up to 20 years of mortality follow-up and offers a unique opportunity to investigate possible sexual orientation differences in risk for both all-cause mortality and mortality attributable to the 3 factors that have long raised concerns in these communities: suicide, 48 HIV infection among men, 37, 49 and breast cancer among women. 45 
METHODS
The 2008 GSS---NDI data set, created by the National Opinion Research Center (NORC), 47 combines interviews originally obtained from respondents in the 1978---2002 GSS biennial surveys with information obtained from the NDI to provide mortality follow-up through December 31, 2008. To create the GSS's representative survey samples, NORC used a multistage probability design to recruit individuals aged 18 years and older, from the English-speaking, noninstitutionalized US population. Respondents were administered a faceto-face household interview assessing primarily social variables followed by either selfadministered questionnaires (years 1978---2000) or a computer-assisted self-interview (2000---2002). Mortality matching was facilitated by identifying information held securely by NORC, although social security numbers were not commonly available. 47 Records from two thirds of GSS respondents resulted in a probabilistic match with NDI death records. Using a modified NDI matching method, NORC successfully linked 70% of deaths to an exactly matched respondent. The remaining 30% of deaths were allocated on the basis of best agreement with GSS identifiers.
Beginning in 1988, the GSS added a second self-administered questionnaire module, converted in 2000---2002 to a computer-assisted personal interview, to assess sexual behavior and drug use histories. We use 2 sets of questions from the module (lifetime numbers of male and female sexual partners and gender of sexual partners in the year before the interview) to classify for putative sexual orientation. Of the 21 045 individuals interviewed in the 1988---2002 period and included in the GSS---NDI data set, 1693 discontinued GSS participation considerably before the assessment of sexual behavior. Of the remaining 19 352, 17 886 (93%) provided information on their sexual partners and comprise the final sample of interest. During this time, GSS response rates to the survey in general varied from 70% to 82% (mean = 75.0%).
Measures
Sexual partner patterns. The GSS sexual behavior module asked participants the number of male and female sexual partners they had had in their lifetime. An additional question asked if their sexual partners in the previous year were men only, women only, or both men and women. From this information, we classified individuals into 1 of 2 groups: those reporting evidence of any same-sex sexual partners either lifetime or in the past year (n = 853) or only evidence of different-sex sexual partners (n = 17 033).
Person characteristics. In every survey cycle, the GSS also collected information about individual demographics (gender, age in years, race, years of education, and family income with inflation adjusted across cycles to the year 2000), residential location (collapsed to US Census regions in the public data set), and 2 markers of health status (self-reported general health, general happiness) both of which are known risk factors for mortality. 50 Given the relatively small number of respondents reporting same-sex sexual partners, we simplified these variables by coding race into 2 categories (White vs other), educational attainment into 2 categories (£ 12 years vs ‡ 13 years), and family income into 3 categories (< $20 000, $20 000 to < $45 000, and ‡ $45 000). We collapsed US Census regions into the 4 standard US Census divisions (Northeast, Midwest, South, and West). We measured general health status by a single question asking respondents to rate their health as "excellent," "very good," "good," "fair," or "poor." We recoded this into 2 categories (excellent, very good, or good vs fair or poor). The general happiness item asked respondents: "Taken all together, how would you say things are these days? Would you say that you are very happy, pretty happy, or not too happy?" Answers were coded into 2 categories (very or pretty happy vs not too happy).
Mortality. The GSS---NDI public data file includes both International Classification of Diseases, Ninth Revision 51 (ICD-9; for deaths before 1999) and International Classification of Diseases, Tenth Revision 52 (ICD-10; for deaths from 1999 on) classification, as well as Clinical Classification Software (CCS) codes 53 of the underlying, or primary, cause of death. We combined this information to create 5 variables capturing primary cause of death: all-cause mortality and mortality allocated to intentional self-harm or suicide (CCS code: 662; ICD-9 codes: E950---E959; ICD-10 codes: *U03, X60---X84, Y72---Y74, Y87.0), HIV-related illness (CCS code: 5; ICD-9 codes: 042---044; ICD-10 codes: B20---B24), breast cancer (CCS code: 24; ICD-9 codes: 174---175; ICD-10 code: C50), or all other medical conditions. Because only 2 men died from breast cancer during the follow-up period (none who reported any same-sex partners) and no woman who reported any same-sex partners died of HIVrelated causes, we coded breast cancer deaths among men and HIV-related deaths among women into the "all other medical conditions" category for analytic reasons. Total individual follow-up time was available in years between the year of interview until either death or, if still alive, December 31, 2008.
Data Analysis
We analyzed data with Stata version 12 (StataCorp LP, College Station, TX) by using both primary sampling unit information and weights included in the GSS---NDI data set. In initial analyses, we used gender-stratified logistic regression to evaluate possible demographic and health-related differences associated with sexual orientation. We evaluated effects by adjusted Wald F Tests. Then, we used gender-stratified logistic regression to investigate associations between sexual orientation and mortality-related outcomes while adjusting for possible confounding. This was done in 3 ways: (1) adjusting for ascribed statuses (age, race) only, (2) adjusting for demographic statuses (age, race, educational attainment, family income) only, and (3) adjusting for both demographic and health (general physical and emotional health) statuses simultaneously.
Finally, we used Cox proportional hazard survival analysis to investigate sexual orientation---related differences in all-cause and specific-cause mortality while we adjusted for follow-up time. We estimated all confidence intervals with 95% certainty. All significance tests utilized the criterion of P < .05. As all 3 analytic approaches produced results with identical conclusions, for simplicity we report findings that adjust for possible confounding from both demographic and health-related differences.
RESULTS
At the time of interview, 4.8% (95% confidence interval [CI] = 4.4%, 5.1%) of individuals reported any same-sex sexual partners during their lifetime with women less likely to do so than men (adjusted odds ratio [AOR] = 0.83; 95% CI = 0.71, 0.97). Note. Weighted prevalences shown. Sexual orientation differences in person characteristics evaluated by gender-stratified logistic regressions in which sexual orientation was regressed on all person characteristics simultaneously. For mortality status, sexual orientation-related differences evaluated by gender-stratified multiple regression (follow-up years) or logistic regression (all-cause, suicide-, HIV-, or breast cancer-related, or all other conditions mortality status) with adjustment for person characteristics. a HIV-related causes coded under "all other conditions" for women; breast cancer coded under "all other conditions" for men.
Demographic Differences
Among men, there was little difference in personal characteristics between MSM and presumptively heterosexual men (Table 1) . However, MSM did report lower family income than did heterosexual men (contrasting middle income to lowest income: AOR = 0.86; 95% CI = 0.64, 1.15; contrasting highest income to lowest income: AOR = 0.59; 95% CI = 0.43, 0.81). Conversely, among women, WSW, compared with presumptively heterosexual women, were younger (AOR = 0.98; 95% CI = 0.97, 0.98), reported higher educational levels (AOR = 1.58; 95% CI = 1.25, 1.99) and lower family income (contrasting middle income to lowest income: AOR = 0.92; 95% CI = 0.71, 1.19; contrasting highest income to lowest income: AOR = 0.56; 95% CI = 0.49, 0.80). They also resided in somewhat different geographic locations (contrasting Midwest to West: AOR = 0.55; 95% CI = 0.38, 0.82; contrasting South to West: AOR = 0.80; 95% CI = 0.56, 1.13; contrasting Northeast to West: AOR = 0.88; 95% CI = 0.58, 1.34).
Estimates of Mortality
The GSS respondents were followed up for mortality status an average of 11.6 years (95% CI = 11.5, 11.7). This did not differ between MSM and heterosexual men after we adjusted for confounding (b = -0.36; 95% CI = -0.86, 0.13), but did among WSW and heterosexual women (b = -1.13; 95% CI = -1.64, 0.62). Over the course of follow-up, there were 3304 deaths, including 62 deaths from intentional self-harm or suicide, 49 from HIV-related causes among men, and 78 from breast cancer among women. Of the 853 individuals who reported any same-sex sexual partners during interview, 130 died during the follow-up period.
In gender-stratified comparisons, all-cause mortality among men was associated with older age (P < .001), being non-White (P < .01), possessing lower educational attainment (P < .01), having lower family income (P < .01), and having worse self-reported health (P = .01), but not same-sex sexual partner status (P = .72). Likewise, there were no apparent same-sex sexual partner history differences in mortality when the primary cause was suicide (P = .36) or HIV-related (P = .68), after we adjusted for confounding. Approximately 5.8% (95% CI = 0.8, 10.8) of deaths among MSM arose out of HIV-related causes versus 3.0% (95% CI = 2.1%, 3.8%) of deaths among men reporting only female sexual partners. All but 1 of these HIV-related deaths among MSM occurred after the 1996 introduction of HAART. But there was no evidence of difference between MSM and heterosexual men in the timing of HIV-related deaths among men who died from HIV infection whether the death occurred before 1997 or later (OR = 3.67; 95% CI = 0. 35, 38.51) . Multivariate survival analysis taking into account years of follow-up also failed to detect significant differences between MSM and men reporting only female sexual partners in risk of death from suicide (P = .48), HIV-related causes (P = .62), all other conditions (P = .81), or all-cause mortality (P = .74), after we adjusted for the minor differences in personal characteristics between the 2 groups ( Table 2) .
Among women, all-cause mortality was similarly associated with older age (P < .001), being non-White (P < .001), lower educational attainment (P < .001), lower family income (P < .001), and worse self-reported health (P < .001). Positive same-sex sexual histories was not a significant correlate of all-cause mortality (P = .68) or breast cancer specifically (P = .40). Approximately 9.1% (95% CI = 4.9%, 17.7%) of the WSW who died, died from breast cancer versus 4.4% (95% CI = 3.4%, 5.4%) of the heterosexual women who died. However, WSW did evidence a higher risk of death attributed to suicide (P = .02) after we adjusted for confounding. Indeed, fully 9% (95% CI = 0.5%, 17.7%) of WSW-associated deaths were allocated to suicide or intentional self-harm. This contrasts with 0.5% (95% CI = 0.2%, 0.9%) among women who reported only male sexual partners. As with men, a history of same-sex sexual partners was not a significant predictor of all-cause mortality in multivariate survival analyses (P = .72) after we adjusted for confounding. Nor was it a significant predictor of death attributable to breast cancer (P = .27). However, a positive history of same-sex sexual partners was linked to risk of death from suicide (P = .01) after we adjusted for confounding.
DISCUSSION
Studies of mortality risk among sexual minorities are rare 37---39,41---43,45 despite the increasingly well-documented sexual orientation differences in health risks, some of which have direct implications for early mortality. 37, 45, 48, 49 In that regard, in the current study, we took advantage of the recently created GSS---NDI data set to add to the nascent understanding of the ways in which sexual orientation might shape differential mortality risks at the population level. Our findings add to a growing sense that overall mortality risks among sexual minorities and heterosexual individuals may be highly similar, contrary to beliefs that minority sexual orientation shortens lives. 41, 54 During the 20-year follow-up period, both MSM and WSW experienced all-cause mortality risks that showed unremarkable variation from those of persons who reported sexual behavior patterns consistent with heterosexuality. This observed pattern is also highly similar to findings from NHANES III, 37 in which mortality attributable to causes other than HIV-related illness did not differ between MSM and men who reported only female sexual partners. It is also consistent with conclusions drawn from the Danish study by Frisch et al. 41 In addition, we failed to detect evidence of greater breast cancer mortality risk among WSW when compared with women reporting only male sexual partners. Although this is at odds with findings from the National Health Interview Survey 45 where women in same-sex relationships experienced greater odds of breast cancer mortality compared with married women, the 2 studies differ importantly in their source populations. Parity, strongly correlated with marriage, is a strong protective factor against breast cancer mortality among women diagnosed with the disease 55 ; but women in same-sex relationships likely have lower parity rates than heterosexually married women. 46 Only future studies with larger samples and longer follow-up periods can provide definitive findings.
Nevertheless, relatively rare causes of death might yet have a disproportionate impact on sexual minorities without exerting substantial effects on all-cause mortality. For example, suicide, the 10th-leading cause of death in the United States, still accounts for only 1.5% of deaths annually. 44 An elevated risk among sexual minorities might have only a small effect on all-cause mortality. Consistent with that perspective, we observed a much elevated hazard for suicide-related mortality among WSW compared with women reporting only male sexual partners despite the lack of differences in all-cause mortality. Furthermore, the robustness of the elevated rate is consistent with previously reported 1---5,7---12 odds of suicide attempts among sexual-minority adolescent and adult females compared with heterosexual females. These findings suggest that the greater vulnerability to suicide-related morbidity among sexual-minority women is matched by parallel vulnerability among WSW for suicide-related mortality. Nevertheless, similar findings were not observed among men in the current study or in a previous study that used the NHANES III cohort. 37 Whether this gender difference among WSW and MSM reflects a true gender difference within this population is unknowable at this point.
HIV-related deaths are also relatively uncommon at the population level, accounting for approximately 0.3% of deaths annually in the United States. 44 Yet, HIV is potentially an important cause of death among MSM. 37 However, unlike the greatly elevated number of HIV-related deaths observed in NHANES III among MSM, in the GSS cohort, HIV-related mortality was not significantly higher among MSM compared with men reporting only female partners. This may reflect the differences in initial data collection periods between the 2 cohorts (1988---1994 vs 1988---2002) with the NHANES III cohort recruited before HAART implementation. Indeed, in NHANES III, the majority of HIV-related deaths came relatively early before the widespread introduction of HAART. But in both the NHANES III and the GSS cohorts, we also note that deaths from HIV-related causes, though greatly reduced, continued to occur among MSM even after HAART introduction. This underscores the importance of continuing vigilance in efforts to prevent HIV infections, to facilitate early illness detection, and to extend HIV-related treatment services to MSM. General awareness of HIV risk among MSM may account for the similar rates of HIV-related mortality between MSM and other men despite what are likely wide differences in prevalence of HIV infection. 56 
Limitations
Five study limitations merit consideration in framing our findings. One is that the GSS---NDI included very limited assessment of sexual orientation both in terms of how it was accomplished and what questions were asked. Method of assessment has been shown to affect prevalence of self-reports of minority sexual orientation markers, especially in households with children or in regions of the country that have less-tolerant attitudes toward homosexuality. 57 Although sexual behavior is an important indicator of HIV infection risk, 56 and sexual orientation classification using gender of sexual partners has been strongly linked to differences in histories of suicide attempts, 48 other aspects of sexual orientation, such as identifying as lesbian, gay, or bisexual, may create differential patterns of mortality risk. 36 Thus, generalizing findings to lesbian-, gay-, and bisexual-identified individuals should be done with caution. Furthermore, many individuals who have positive histories of same-sex sexual partners self-identify as heterosexual, 36, 58 and to the extent that homosexually experienced heterosexuals evidence mortality risks more similar to other heterosexually identifying individuals, our findings may be somewhat biased toward the null.
Second, stigma surrounding disclosure of same-sex sexual experiences may lead to underreporting, though this effect appears to be waning over time as evidenced by increasing rates of reports of same-sex sexual experiences in the GSS over the years. 59 The effect of this possible bias is indeterminable. Forty percent of GSS respondents who declined to provide information about their sexual histories were aged 66 years or older suggesting that a general discomfort with questions about sexuality may have also played an important role in generating nondisclosure. Nevertheless, if disclosure is differentially associated with mortality patterns, then the direction of the bias in our findings is unknowable.
Third, the GSS---NDI cohort, though large and offering many years of mortality follow-up, still includes a relatively small number of individuals who reported any same-sex sexual partners. This may have reduced statistical power to detect sexual orientation effects that might be observable within a larger cohort. It is important to note that we were unable to investigate possible intersections of mortality disadvantage that might especially affect individuals who are both sexual and racial/ethnic minorities and female. 60, 61 Nor were we able to investigate secular trends. Given the rapid changes during the time period under study in social attitudes toward homosexuality and the social lives of sexual minorities, 62 it is reasonable to anticipate that such trends might be present. In addition, we had limited ability to adjust for confounding and some of the adjustment we could make (e.g., family income) may be differentially effective across the 2 sexual-orientation groups resulting in residual confounding.
Fourth, some sexual orientation---related health differences, such as differential patterns of health care access 30---35 and tobacco exposure, 17, 19, 20, 28, 63 may exert their cumulative effects on mortality in older ages, which are currently underrepresented in the GSS---NDI data set in which individuals were on average middle-aged at the time of interview.
Finally, follow-up time was somewhat shorter for WSW than for heterosexual women and, in addition, the former group was significantly younger. This may have underestimated mortality differences in the 2 groups of women. Longer-term follow-ups of the GSS---NDI cohort may eventually demonstrate substantive differences in sexual orientation---related risk patterns than what we report here.
Conclusions
Despite these concerns, our findings provide important confirmation, at least among women, that the excessively high prevalence of suicide attempts in the sexual-minority population is matched by a similar elevation in risk for suicide mortality. These results strongly support the importance of suicide prevention efforts targeting sexual-minority women. 48 j
